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Clean Set of Claims 

2. V communications system according to Claim 1 wherein: 
saidYLD receive interface further includes at least one LLD status 

output; \ 

wherein said PLD send interface further includes at least one PLD 
status input; and \ 

further comprising at least one third communications channel 
connecting said at least\one LLD status output to said at least one PLD status 
input. \ 

3. A communications system according to Claim 1 wherein: 

said PLD furthencomprises a PLD receive interface including PLD 
parallel information inputs and a\ least one PLD control input; and 

wherein said LLD\ further comprises an LLD send interface 
including LLD parallel informationV>utputs and at least one LLD control output; 
and \ 

further comprising third communications channels connecting said 
LLD information outputs to respective Vld information inputs, and at least one 
fourth communications channel connecting said at least one LLD control output 
with said at least one PLD control input so yiat said PLD and LLD are operable in 
a push-push configuration. \ 

4. A communications system according to Claim 3 wherein: 

said PLD send interface and said LLD send interface are 
substantially identical; and \ 

wherein said PLD receive interface ancl said LLD receive interface 
■^fe-mjffefed4Q-thefefa y d efi n e sy m m e tr i ca l i nt etfacesA. 
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5. A communications system according to Claim 3 wherein: 

said PLD receive interface further includes at least one PLD status 
output; and \ 

wherein said LLD send interface further includes at least one LLD 
status input; and \ 

further comprising at least one fifth communications channel 
connecting said at leas\ one PLD status output to said at least one LLD status 
input. \ 

6. A communications system according to Claim 1 wherein: 

said LLD comprises an asynchronous transfer mode (ATM) device. 

7. A communications system according to Claim 1 wherein: 

said PLD comprises one of a synchronous optical network 
(SONET) device and a synchronous\digital hierarchy (SDH) device. 

8. A communications system according to Claim 1 wherein: 

said PLD send interface comprises a string-based framing coder for 
determining and appending a string-basted framing code to each information 
symbol string of information symbol strings to be transmitted in parallel over 
respective first parallel communications chan\iels, each string-base framing code 
being based upon at least some of the information symbols in the respective 
information symbol string; and \ 

wherein said LLD receive interface comprises a deskewer for 
aligning received parallel information symbol strings^based upon the string-based 
■fra m i ng -Godes.— \ 
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9. Ai communications system according to Claim 8 wherein: 
eachunformation symbol comprises a binary bit; and 

wherein said string-based coder comprises a cyclic redundancy 
checking (CRC) coater for determining and appending CRC codes to respective 
information bit strings\ 

10. A communications system according to Claim 9 wherein: 
said deskewer comprises a CRC framer for framing said 

information bit strings based upon said CRC codes. 

1 1 . A communications system according to Claim 8 wherein: 
said deskewer comprises: 

a framer for framing information symbol strings based upon 
said respective string-based framing codes; and 

an aligner for aligning framed information symbol strings 
relative to one another and based upon said string-based framing codes. 

12. A communications\system according to Claim 1 1 wherein: 
each information symbolcomprise a binary bit; and 
wherein sajd aligner comprises: 

at least one first-in-first-out (FIFO) device connected to said 
framer for buffering framed information bit\strings; and 

a FIFO controller for Aligning framed information bit strings 
during at least one of a writing and a readmg phase of said at least one FIFO 
device and based upon said string-based framing codes. 



13. A communications s 
said first parallel c^itmrncati 
electrical conductors. / y J 



m according to Claim 1 wherein: 
cations channels are provided over 
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14. A communications system comprising: 

a physical layer device (PLD) comprising a PLD send interface 
including PLD parallel information outputs, at least one PLD control output, and 
at least one PLD status input, a PLD receive interface including PLD parallel 
information inputs, al least one PLD control input, and at least one PLD status 
output; \ 

a logicaJ link layer device (LLD) comprising an LLD receive 
interface including LLQ parallel information inputs, at least one LLD control input, 
at least one LLD status output, an LLD send interface including LLD parallel 
information outputs, at least one LLD control output, and at least one LLD status 
input; \ 

first parallel^ communications channels connecting said PLD 
information outputs to respective LLD information inputs; 

at least one second communications channel connecting said at 
least one PLD control output to said at least one LLD control input; 

at least one thirai communications channel connected said at least 
one LLD status output to said at least one PLD status input; 

fourth parallel communications channels connecting said LLD 
information outputs to respective PLD information inputs; 

at least one fifth communications channel connecting said at least 
one LLD control output to said at least one PLD control input; and 

at least one sixth communications channel connected said at least 
one PLD status output to said at leasi one LLD status input. 

15. A communications system according to Claim 14 wherein: 
said PLD send interface amd said LLD send interface are mirrored; 

and \ 

wherein said PLD receive interface and said LLD receive interface 
are mirrored to thereby define symmetrical Werfaces. 
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16. \A communications system according to Claim 14 wherein: 
said LLD comprises an asynchronous transfer mode (ATM) device. 

17. A communications system according to Claim 14 wherein: 
said PliD comprises one of a synchronous optical network 

(SONET) device and a synchronous digital hierarchy (SDH) device. 

18. A communications system according to Claim 14 wherein: 
said PLD send interface comprises a string-based framing coder for 

determining and appending a string-based framing code to each information 
symbol string of information^ symbol strings to be transmitted in parallel over 
respective first parallel communications channels, each string-based framing 
code being based upon at least some of the information symbols in said 
respective information symbol string; and 

wherein said LLD receive interface comprises a deskewer for 
aligning received parallel information symbol strings based upon said string- 
based framing codes. \ 

19. A communications system according to Claim 18 wherein: 
each information symbol comprises a binary bit; and 

wherein said string-basea coder comprises a cyclic redundancy 
checking (CRC) coder for determining arad appending CRC codes to respective 
information bit strings. \ 

20. A communications system according to Claim 19 wherein: 
said deskewer comprises a\CRC framer for framing said 

information bit strings based upon said CRC coaes. 
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21. r communications system comprising: 

a physical layer device (PLD) comprising a PLD send interface 
including PLD parallel information outputs and at least one PLD control output; 

a logical link layer device (LLD) comprising an LLD receive 
interface including LLD parallel information inputs and at least one LLD control 
input; \ 

first parallel communications channels connecting said PLD 
information outputs to respective LLD information inputs; 

at least one second communications channel connecting said at 
least one PLD control output\o said at least one LLD control input; 

said PLD send interface further comprising a string-based framing 
coder for determining and appending a string-based framing code to each 
information symbol string of information symbol strings to be transmitted in 
parallel over respective first paralleKcommunications channels, each string-based 
framing code being based upon at leW some of said information symbols in said 
respective information symbol string; \ 

said LLD receive interface further comprising a deskewer for 
aligning received parallel information symbol strings based upon said string- 
based framing codes. \ 

22. A communications system according to Claim 21 wherein: 
said PLD send interface and \a\d LLD send interface are 

substantially identical; and \ 

wherein said PLD receive interface anqsaid LLD receive interface 
^d i e m inu ied to therebyciefine symmetrical interfaces. \ ^ 
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23. A communications system according to Claim 21 wherein: 
said LLD receive interface further includes at least one LLD status 

output; \ 

wherein \a\d PLD send interface further includes at least one PLD 
status input; and \ 

further comprising at least one third communications channel 
connecting said at least one LLD status output to said at least one PLD status 
input. \ 

24. A communications system according to Claim 21 wherein: 
said PLD further comprises a PLD receive interface including PLD 

parallel information inputs and at lea&t one PLD control input; and 

wherein said LLD further comprises an LLD send interface 

including LLD parallel information outputs and at least one LLD control output; 

and \ 

further comprising fourth communications channels connecting said 

LLD information outputs to respective PLD mformation inputs, and at least one 

fifth communications channel connecting said at least one LLD control output 

with said at least one PLD control input so that said PLD and LLD are operable in 

a push-push configuration. \ 

25. A communications system according to Claim 24 wherein: 
said PLD send interface and said LLD send interface are mirrored; 

and \ 

wherein said PLD receive interface and saia\LLD receive interface 
a rc m i rror e d t o-theretoyifefine symTn^tricalinterfaces: ■ \ 
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26. VK communications system according to Claim 25 wherein: 
said rLD receive interface further includes at least one PLD status 

output; and 

wherein said LLD send interface further includes at least one LLD 
status input; and 

further domprising at least one sixth communications channel 
connecting said at leasj one PLD status output to said at least one LLD status 
input. 



V 



27. A communications system according to Claim 21 wherein: ' 
said LLD comprises an asynchronous transfer mode (ATM) device. 

28. A communications system according to Claim 21 wherein: 
said PLD comprises one of a synchronous optical network 

(SONET) device and a synchronous digital hierarchy (SDH) device. 



29. A method for communicating between a physical layer device 
(PLD) and a logical link device (LLD), the method comprising the steps of: 

sending information \signals over first parallel communications 
channels from said PLD to said LLD; and 

while sending control signals over at least one second 
communications channel from said PLD to said LLD so that control signals are 
sent from said PLD to said LLD out-of-band from information signals. 



30. A method according to\Claim 29 wherein: 
said step of sending information signals over first parallel 
communications channels comprises the st^ps of: 

operating a PLD send interface including PLD parallel information 

outputs; and 

operating an LLD receive interface including LLD parallel 
information iripOtS7\ 
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31. \A method according to Claim 30 wherein: 

said\step of sending control signals over at least one second 
communications channel comprises the steps of: 

operating a PLD send interface including at least one PLD control 
output; and \ 

operating\an LLD receive interface including at least one LLD 
control input. \ 

32. A methockaccording to Claim 29 further comprising the step of: 
sending status\ signals over at least one third communications 

channel from said LLD to said PLD. 

33. A method according to Claim 32 wherein: 

said step of sending status signals over at least one third 
communications channel comprises the steps of: 

operating a PLD sena interface including at least one PLD status 
input; and \ 

operating an LLD receive interface including at least one LLD 
status output. \ 

34. A method according to\ciaim 29 further comprising the steps 
of: \ 

sending information signals over third parallel communications 
channels from the LLD to the PLD; and \ 

while sending control signals\ over at least one fourth 
communications channel from said PLD to said kLD so that control signals are 
sent from said PLD to said LLD out-of-band from infbrmation signals. 
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35. IA method according to Claim 34 wherein said step of sending 

information signals over third parallel communications channels comprises the 

steps of: \ 

operating an LLD send interface including LLD parallel information 
outputs; and \ 

operating a PLD receive interface including PLD parallel 

information inputs. \ 

36. A method according to Claim 35 wherein said step of sending 
control signals over at least one fourth communications channel comprises the 
steps of: \ 

operating an LLD send interface including at least one LLD control 
output; and \ 

operating a PLD receive interface including at least one PLD 
control input. \ 

37. A method according to Claim 29 further comprising the step of 
sending status signals over at least one third communications channel from the 
PLD to the LLD. \ 

38. A method according to Claim 29 further comprising the step of: 
operating said PLD and LLD in\a push-push configuration. 

39. A method according to Claim\29 wherein: 

said PLD comprises a PLD send interface and said LLD comprises 
an LLD send interface [substantially identical]\mirrored to said PLD send 
interface; and \ 

wherein said PLD comprises a PLD receive interface and said LLD 
comprises an LLD receive interface mirrored to sard PLD receive interface 
there by define symm etrica l i nterfaces ^ \ 
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40. A method according to Claim 29 wherein: 

said LLD compriseaan asynchronous transfer mode (ATM) device. 

41 . A method according to Claim 29 wherein: 

said PLD comprises one of a synchronous optical network 
(SONET) device and a synchronous digital hierarchy (SDH) device. 

42. A method according to Claim 29 further comprising the steps 
of: \ 

determining anck appending a string-based framing code to each 
information symbol string of information symbol strings at said PLD to be 
transmitted in parallel over respective said first parallel communications 
channels, each string-based framrng code being based upon at least some of 
said information symbols in said respective information symbol string; and 

deskewing received information symbol strings at said LLD by 
aligning received parallel information ^symbol strings based upon said string- 

»_ r 

43. A method according to Claim 42 wherein: 
each information symbol comprises a binary bit; and 

wherein said step of determining and appending comprises 
determining and appending cyclic redundancy checking (CRC) codes to 

— \ 

44. A method according to Claim 43 wherein: 

said step of deskewing comprises framing said information bit 
stmgs-baserhjpon said uku codesT " \ 
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45.^ method according to Claim 39 wherein: 

said s^ep of deskewing comprises the step of: 

framing formation symbol strings based upon respective string- 
based framing codes; and 

aligning framed information symbol strings relative to one another 
and based upon said string-ba^ed framing codes. 



46. A method according to Claim 45 wherein: 
each information symbolYomprises a binary bit; and 
wherein said step of alignirrg comprises the steps of: 

buffering framed information bits in at least one first-in-first- 
out (FIFO) device; and 

aligning framed informatioriSbit strings during at least one of 
a writing and a reading phase of said at least onesflFO device and based upon 
said string-based framing codes. 

47. A method accordifgM Claim 29 whereif 
said first parallel cor^jm/jn^cations channels a>Q provided over at 

least .j3.ne.Blectr4eal-Gondu€tor-r- 
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48. y\ method for communicating between a physical layer device 
(PLD) and a logical link device (LLD), the method comprising the steps of: 

sending information signals over first parallel communications 
channels from said P?LD to [the] said LLD, and while sending control signals over 
at least one second communications channel from [the] said PLD to said LLD so 
that control signals are sent from [the] said PLD to said LLD out-of-band from 
information signals; \ 

determining and appending a string-based framing code to each 
information symbol strina of information symbol strings at said PLD to be 
transmitted in parallel over respective said first parallel communications 
channels, each string-basedVframing code being based upon at least some of 
said information symbols in said respective information symbol string; and 

deskewing received information symbol strings at said LLD by 
aligning received parallel information symbol strings based upon said string- 
based framing codes. \ 

49. A method according to Claim 48 wherein: 
each information symboPcomprises a binary bit; and 

wherein said step of determining and appending comprises 
determining and appending cyclic redundancy checking (CRC) codes to 
respective information bit strings. \ 

50. A method according to Clami 49 wherein: 

said step of deskewing comprises framing said information bit 
stf4n§s-to s ed u po n sa id-C RC c odes . \ 
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51 . A method according to Claim 48 wherein: 
saidlstep of deskewing comprises the steps of: 

framing information bit strings based upon said respective string- 
based framing codes; and 

align in A framed information bit strings relative to one another and 
based upon said stringtoased framing codes. 

52. A method according to Claim 51 wherein: 
each information symbol comprises a binary bit; and 
wherein said swn of aligning comprises the steps of: 

buffering framed information bits in at least one first-in-first- 
out (FIFO) device; and \ 

aligning framed information bit strings during at least one of 
a writing and a reading phase of said at least one FIFO device and based upon 
said string-based framing codes. \ 

53. A method according to Claim 48 wherein: 

said steps of sending information signals over first parallel 
communications channels comprises the steps of: 

operating a PLD send interface including PLD parallel information 
outputs; and \ 

operating an LLD receiver Werface including LLD parallel 
information inputs. \ 

54. A method according to Claim 48 wherein: 

said step of sending control signals over at least one second 
communications channel comprises the steps of: \ 

operating a PLD send interface including at least one PLD control 
output; and \ 

operating an LLD receive interface including at least one LLD 
c ontro l i npu ts \ 
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55. A method according to Claim 48 further comprising: 

said step of senaing status signals over at least one third 
communications channel from said \.LD to said PLD. 

56. A method according tcxClaim 55 wherein: 

said step of sending status\signals over said at least one third 
communications channel comprises the step\pf: 

operating a PLD send interface ihcluding at least one PLD status 
input; and \ 

operating an LLD receive interface ihcluding at least one LLD 
status in put. \ 
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57. A method for communicating between a physical layer device 
(PLD) and a logicaMink device (LLD), the method comprising the steps of: 

sending information signals over first parallel communications 
channels from said PLD to said LLD, and while sending control signals over at 
least one second communications channel from said PLD to said LLD so that 
control signals are sen\ from said PLD to said LLD out-of-band from information 
signals; \ 

determining\and appending a string-based framing code to each 
information symbol string\ of information symbol strings at said PLD to be 
transmitted in parallel overy respective first parallel communications channels, 
each string-based framing \ode being based upon at least some of said 
information symbols in said respective information symbol string; 

deskewing received information symbol strings at said LLD by 
aligning received parallel information symbol strings based upon said string- 
based framing codes; \ 

sending information signals over third parallel communications 
channels from said LLD to said PLD; Bnd 

while sending control signals over at least one fourth 
communications channel from said PLD to said LLD so that control signals are 
sent from said PLD to said LLD out-of-band from information signals. 

58. A method according to Claim 57 wherein: 

said step of sending information signals over third parallel 
communications channels comprises the stepsyof: 

operating an LLD send interface including LLD parallel information 
outputs; and \ 

operating a PLD receive interface including PLD parallel 
-i nform a tion i nput s. — > \ 



- 17 



SHAFFER et al. - Appli^No. 09/459,831 



59. A method according to Claim 58 wherein: 

said Wep of sending control signals over at least one fourth 
communications channel comprises the steps of: 

operating an LLD send interface including at least one LLD control 
output; and \ 

operating >a PLD receive interface including at least one PLD 
control input. \ 

60. A method according to Claim 59 further comprising the step of: 
sending status signals over at least one fifth communications 

channel from said PLD to said USD. 

61 . A method according to Claim 48 wherein: 

said LLD comprises an synchronous transfer mode (ATM) device. 

62. A method according to GNaim 48 wherein: 

said PLD comprises one of a synchronous digital network (SONET) 
device and a synchronous digital hierarchy (SK)H) device. 

63. A method according to Claim 48\wherein: 

said first parallel communications channels are provided over at 

least-one-electrical-conductor. \ 

— . — \ 
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